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Abstract
Background: High-quality data are critical to inform, monitor and manage health programs. Over the seven-year
African Health Initiative of the Doris Duke Charitable Foundation, three of the five Population Health Implementation
and Training (PHIT) partnership projects in Mozambique, Rwanda, and Zambia introduced strategies to improve the
quality and evaluation of routinely-collected data at the primary health care level, and stimulate its use in evidence-
based decision-making. Using the Consolidated Framework for Implementation Research (CFIR) as a guide, this paper:
1) describes and categorizes data quality assessment and improvement activities of the projects, and 2) identifies core
intervention components and implementation strategy adaptations introduced to improve data quality in each setting.
Methods: The CFIR was adapted through a qualitative theme reduction process involving discussions with key
informants from each project, who identified two domains and ten constructs most relevant to the study aim of
describing and comparing each country’s data quality assessment approach and implementation process. Data were
collected on each project’s data quality improvement strategies, activities implemented, and results via a semi-
structured questionnaire with closed and open-ended items administered to health management information systems
leads in each country, with complementary data abstraction from project reports.
Results: Across the three projects, intervention components that aligned with user priorities and government systems
were perceived to be relatively advantageous, and more readily adapted and adopted. Activities that both assessed
and improved data quality (including data quality assessments, mentorship and supportive supervision, establishment
and/or strengthening of electronic medical record systems), received higher ranking scores from respondents.
Conclusion: Our findings suggest that, at a minimum, successful data quality improvement efforts should include
routine audits linked to ongoing, on-the-job mentoring at the point of service. This pairing of interventions engages
health workers in data collection, cleaning, and analysis of real-world data, and thus provides important skills building
with on-site mentoring. The effect of these core components is strengthened by performance review meetings that
unify multiple health system levels (provincial, district, facility, and community) to assess data quality, highlight areas of
weakness, and plan improvements.
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Background
High-quality data are critical to inform, monitor and
manage health programs [1]. Routine health manage-
ment information systems (HMIS) encompassing na-
tional, subnational, facility and community levels are the
primary data source for routine health planning and
evaluation [2]. Access to comprehensive, accurate data
to guide resource allocation and programmatic improve-
ment efforts is increasingly important given: 1) contin-
ued high disease burden and resource constraints in
many low- and middle-income countries (LMICs); 2)
rapid implementation and scale-up of efficacious diag-
nostic, preventive and therapeutic interventions with
significant personnel demands; and 3) plateauing of
funding through global health initiatives [3].
In many resource-limited settings, accurate, high qual-
ity health data – defined as data that are consistently
available, reliable across health system levels, and accur-
ate when compared to population-level surveys – are
often not available [4–6]. Poor quality routine data con-
tributes to poor decision-making, inefficient resource al-
location, loss of confidence in the health system, and
may threaten the validity of impact evaluations [7]. Sub-
stantial investments have been made over the last decade
to improve the quality and availability of essential health
services [8]. Integrated monitoring and evaluation
(M&E) systems to identify effective strategies may in-
crease access to – and utilization of – these services [9].
However, considerable work is still needed to strengthen
health information systems in many LMICs, including
addressing challenges resulting from sometimes onerous
donor reporting requirements. Donor-driven data re-
quirements often result in duplicate reporting systems,
burdening the limited numbers of health managers at
health facility and district levels, which contributes to
poor data quality [10].
Data quality assessment (DQA) approaches range from
training program managers to audit data availability and
reliability, to external audits of data quality [11]. Most data
quality improvement efforts promoted by global health
initiatives, bilateral donors, host countries, foundations
and non-governmental organizations target disease-
specific indicators, and are reliant upon continued exter-
nal funding [12]. By not supporting data improvements
across the broader primary health care system, these dis-
ease specific data quality assurance strategies undermine
countries’ efforts to use high quality evidence for planning
and resource allocation across programs, and the develop-
ment of integrated and sustainable HMIS.
Over the seven-year African Health Initiative (AHI) of
the Doris Duke Charitable Foundation, three of the five
country Population Health Implementation and Training
(PHIT) partnership projects supported by the initiative
introduced context specific strategies to improve the
quality of routinely collected data at the primary health
care level, and stimulate the use of data for decision-
making [13, 14].
In Mozambique a range of data quality assessment ac-
tivities, including supportive supervision, training, dash-
boards, audits, etc., were employed. All 146 health
facilities in the study province, Sofala, (pop = 1,500,000)
received some form of DQA support. Annual data qual-
ity audits were carried out in a sample of 26 health facil-
ities, including the largest health facility and two
additional sites in each district and the regional
quaternary-level facility. In Rwanda, the PHIT project
targeted two districts, southern Kayonza and Kirehe
(pop = 460,000) in eastern Rwanda, where 21 health
centers and two district hospitals received targeted sup-
port to improve data quality and use. In Zambia, three
rural districts in the Lusaka Province were targeted:
Chongwe, Kafue and Luangwa (population over
300,000), where 42 health facilities were targeted for data
quality investments.
These strategies reflected the heterogeneity of country
contexts in Mozambique [3], Rwanda [15], and Zambia
[16], and lessons learned from their implementation can
contribute to the evidence-base of how to strengthen
HMIS in LMICs to support data-driven decision making
at all levels of the system. Using the Consolidated
Framework for Implementation Research (CFIR) as a
guide [17], this paper 1) describes and categorizes data
quality assessment and improvement activities of PHIT
partnership projects, and 2) identifies PHIT project core
intervention components and implementation strategy
adaptations to improve data quality.
Methods
The CFIR is an evidence-based meta-framework drawing
from psychology, sociology, organizational change, and
other disciplines to provide a comprehensive, multidis-
ciplinary taxonomy of constructs influencing implemen-
tation of complex interventions. The framework
includes five major domains with associated constructs.
The CFIR was adapted through a qualitative theme re-
duction process involving discussions with key infor-
mants from each PHIT project, who identified two
domains and 10 constructs most relevant to the study
aim of describing and comparing each country’s data
quality assessment approach and implementation
process [17]. These two domains are: 1) characteristics
of the data quality improvement strategy (innovation
source, evidence strength and quality, relative advantage,
adaptability, complexity, cost); and 2) process used to
implement the strategy (quality and extent of planning,
engagement with key stakeholders, execution, reflection
and evaluation).
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Data were collected on each PHIT project’s data quality
improvement strategies, activities implemented, and re-
sults – including adaptations over the course of the pro-
ject – via a semi-structured questionnaire with closed and
open-ended items administered to HMIS leads in each
country initiative (n = 3), with complementary data ab-
straction from program reports. Findings were collated
into the 10 identified CFIR constructs and presented to
PHIT project implementation and HMIS leads in country-
specific memos by the lead author to confirm accuracy.
A modified Delphi approach [18] with PHIT project
leads was used to establish a convergence of opinion on
core data quality intervention components and effective
implementation strategy adaptations. This approach in-
cluded administering a follow-up questionnaire to four
HMIS leads (one each from Mozambique and Zambia,
and two from Rwanda) via in-person interviews or one-
on-one phone calls. After communicating individually
with the lead author, each HMIS lead met with their coun-
try teams to confirm which implementation strategy adap-
tations were effective, to gain consensus on best practices
to improve data quality, and to define core country-level
activities. The HMIS leads in each country fed this infor-
mation back to the lead author, who collated and synthe-
sized findings into a cross-country memo. Cross-country
core activity ranking included cross-checking country-
specific rankings. Activities carried out and ranked
essential across all three settings were ranked highest,
followed by activities carried out and ranked essential
across two countries. No activity was carried out and
ranked as essential in only one country. This document,
which included descriptions of effective implementation
strategy adaptations, best practices and ranked data qual-
ity intervention activities, was shared with the HMIS leads
to solicit feedback on accuracy and to resolve any dis-
agreements or discrepancies in the findings. Finally in one
setting, Rwanda, qualitative feedback was solicited from
non-project respondents, namely beneficiary staff.
Results
Here we describe PHIT project data quality improve-
ment approaches in Mozambique, Rwanda and Zambia,
guided by the 10 selected CFIR constructs (Table 1),
followed by a description of core and adaptable strategy
components as ranked by country teams. Detailed de-
scriptions of each PHIT project’s health system strength-
ening interventions are summarized (Table 2); further
descriptions have been previously published [3, 15, 16].
Country approaches to improve data quality by CFIR
constructs
Innovation characteristics
Innovation source In all three PHIT projects, many data
quality improvement activities were initially viewed as
Table 1 Definitions of CFIR Constructs—Innovation and Process Domains
I. Innovation Characteristics Definition
Innovation Source Perception of key stakeholders about whether the data quality improvement strategy/
activities is externally or internally developed
Evidence Strength and Quality Stakeholders’ perceptions of the quality and validity of evidence supporting the belief
that the data quality improvement strategy/activities will have desired outcomes
Relative Advantage Stakeholders’ perception of the advantage of implementing the data quality
improvement strategy/activities versus an alternative solution
Adaptability The degree to which the data quality improvement strategy/activities can be adapted,
tailored, refined or reinvented to meet local needs
Complexity Perceived difficulty of the data quality improvement strategy/activities, reflected by
duration, scope, radicalness, disruptiveness, centrality and intricacy and number of
steps required to implement
Cost Costs of the data quality improvement strategy/activities and costs associated with
implementing the innovation including investment, supply, and opportunity costs
II. Implementation Process Definition
Planning The degree to which a scheme or method of behavior and tasks for implementing the
data quality improvement strategy/activities are developed in advance, and the quality
of those schemes or methods
Engaging (Opinion leaders, Formally appointed internal
implementation leaders, Champions, External change agents,
Key stakeholders, Innovation participants)
Attracting and involving appropriate individuals in the implementation and use of the
data quality improvement strategy/activities through a combined strategy of social
marketing, education, role modeling, training and other similar activities
Executing Carrying out or accomplishing the implementation of the data quality improvement
strategy/activities according to plan
Reflecting & Evaluating Quantitative and qualitative feedback about the progress and quality of
implementation of the data quality improvement strategy/activities accompanied with
regular personal and team debriefing about progress and experience
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Table 2 Partnership Data Quality Approaches
Mozambique
Description of data quality improvement strategy
Introduction of simplified tools and strategies to strengthen the routine HMIS data system, with training and mentorship to district and facility
managers provided to support the use of these strategies to improve health system performance.
Activity Description
Data Quality Audits (DQA) Annual DQAs are carried out in all districts in the intervention province of Sofala.
Immediately after data collection, summary analyses are shared with district officials. Final
written feedback is provided to all district and facility managers via a simplified, summary
data quality ranking tool.
Data Dashboards Quarterly development of data dashboards to simplify data visualizations to drive resource
allocation & decision-making
Follow-up supportive supervision/ mentorship Annual DQA results fed back to health facilities, districts and provinces and inform ongoing,
targeted supportive supervision for sites with weaker clinical services, data quality and data
utilization activities. Senior M&E mentor embedded within provincial health department.
Monitoring & Evaluation Training Adaptation of existing MOH monitoring and evaluation training module, targeting primary
health care strengthening.
Quality improvement and operations research trainings with mentored support for
subsequent applied research activities.
Site-level trainings on HMIS functioning and use & basic Excel utilization at regular intervals
over the LOP
District performance review and
enhancement meetings (DPREM)
Meetings, targeting maternal child services, malaria and pharmacy, bring together health
facility staff and district/provincial supervisors to review and analyze routine data.
Rwanda
Description of data quality improvement strategy
Expand levels of routine data assessment (to include community level health data collection) as well as the frequency of audits in order to better
integrate assessment into practice, which will translate into better use of data for decision-making in program management and evaluation.
Activity Description
Enhanced Electronic Medical Records (EMR) Electronic medical records are supported in the intervention districts to improve the quality
of routinely collected data.
Data Quality Audits (DQA) Quarterly DQAs facility reports versus HMIS data using patient registries, monthly reports and
online HMIS data the project
Monthly DQA in 2 districts between household registers and the community info system data
Weekly data validation of IMB HIV EMR data
Community level lot quality assurance
sampling (LQAS)
Community level data is assessed quarterly for concordance and completeness using LQAS
methods where data is randomly sampled and five key indicators are compared with the
database
Mentoring to enhance supervision in health
centers (MESH) quality improvement efforts
LQAS methodology is used to assess the effect of supporting enhanced supervision and
mentorship.
Assessment of HMIS using WHO data quality
report card
Annual consistency and internal validity assessment
Data sharing and coordination meetings Monthly data review meetings between project and district health staff
Zambia
Description of data quality improvement strategy
Introduction of quality improvement teams across the project area who train facility and community-based health workers on filling of clinical forms,
competency in following treatment protocols, overseeing data collection and ensuring quality of data entry
Activity Description
Promoting completeness of clinical forms Streamlining of clinical guides, including for case management of regularly seen
presentations during patient visits, appropriate documentation carried out to improve
clinician understanding of MOH-approved treatment protocols and tracking of stock outs of
essential medicines and supplies
Expanded electronic medical record (EMR)
system
Introduction of on-site, facility- and community-level electronic medical record system (EMR)
in the target districts. This system automatically generates clinic, patient review, clinic
performance, CHW performance (to track lost-to-follow-up patients), and HIS reports, using
MOH data and shared with district level team to inform management decisions.
Gimbel et al. BMC Health Services Research 2017, 17(Suppl 3):828 Page 56 of 94
externally developed by academic entities within each pro-
ject, though perceptions evolved as in-country members
adapted existing data quality activities and introduced new
activities suited to the implementation contexts.
Elements of the Mozambique data improvement strat-
egy were seen as externally developed (data quality au-
dits, data dashboards), while others were viewed as
internally sourced (district performance review and en-
hancement meetings (DPREMs), and supportive supervi-
sion/mentoring and training). Ministry of Health (MOH)
engagement and leadership in planning data quality as-
sessments increased over the project period, which led
to their increased use.
“We used the audits as a learning activity so we got
the district managers involved in going to facilities,
and they got the preliminary results the same day so
they were making decisions right away to improve.”
(Project lead, Mozambique)
MOH partners were less enthusiastic about dash-
boards – in spite of multiple adaptations – and these
were eventually dropped.
“We learned that the dashboards were too
complicated and they were not taken up by the district
managers, so we actually dropped this (dashboards).”
(Project lead, Mozambique)
In Zambia, both community-based DQA efforts and the
broader quality improvement (QI) approach were viewed
by MOH staff as externally conceptualized. Active engage-
ment of Community Health Workers (CHWs) and facility
staff in the community DQA design increased MOH own-
ership and strengthened links between CHWs and MOH
staff. The introduction of externally developed QI mentor-
ship teams was initially met with weak facility-level staff
involvement, but intensified engagement with district
supervisors (e.g. enlisting them as training and supervision
mentors) improved participation of health facility
personnel in QI work, including data quality tasks [19].
In Rwanda, respondents noted success in improving data
quality led to countrywide adoption of specific project ac-
tivities (such as audits), and broader routine data use.
“Since the quality of data has been improving over
time through these checks, these data are now used by
researchers and investigators. These activities have
increased awareness of data quality assessments, and
led to increased data use not only at PHIT supported
districts but also at national level where these
assessments are now done routinely.” (Project staff,
Rwanda)
Evidence strength and quality Initially, no background
evidence was presented to stakeholders in the three
countries to explain why data quality improvement ap-
proaches were needed. However, over the course of im-
plementation, stakeholder perceptions in two of the
three countries shifted to support data quality improve-
ment strategies as data availability and consistency
improved. In Mozambique, substantial HMIS improve-
ments in data availability (84% to 99%) and consistency
(54% to 87%) led to targeted resource allocation, includ-
ing intensive training and supervision of weaker per-
forming facilities and districts [20].
“Now the (provincial health department) has added
a mini data quality audit tool into the facility
supervision guides, so each time the provincial or
district supervisor visits a facility they assess
concordance between registries and facility forms.”
(Project lead, Mozambique)
In Rwanda, investing in community HMIS improved
linkages between facility and community health pro-
grams, as reliable, real-time data collected by CHWs in-
formed health system planning.
“The (CHW) data showed that there are children in
the community who did not receive vaccines, we then
Table 2 Partnership Data Quality Approaches (Continued)
Community-based DQA component Introduction of data quality audit system for community health information system
Mentoring to develop and enhance good clinical skills and practices of MOH staff to
improve key performance indicators related to clinical care quality
Continuous, on-site mentoring of MOH staff Streamlining of clinical guides, including for case management of regularly seen presentations
during patient visits, appropriate documentation carried out to improve clinician understanding
of MOH-approved treatment protocols and tracking of stock outs of essential medicines and
supplies
Monthly, project and MOH staff assessed completeness of clinical forms, vital signs recorded,
primary diagnosis made, case conclusion, accuracy of data entry by Clinic Supporters,
successful referrals to the facility, and household surveys completed
Community outreach Active data collection at household level, patient follow up and referral system carried out
by community health workers, monitored through LQAS.
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went to the community to find the children and gave
them vaccines.” (MOH worker, Rwanda)
In Zambia, the MOH did not allocate personnel to
participate in lot quality assurance sampling (LQAS), as
perceived value was low – an example of how lack of in-
formation on evidence strength and quality may have
contributed to suboptimal implementation.
“The project had to collect all of the data for the
LQAS, there was no support from the district health
office as they didn’t see the point of it.” (Project staff,
Zambia)
Relative advantage Prior to DQA initiation, routine
HMIS’s in project countries were characterized as having
poorly available and inconsistent data, which hindered
their systematic use for planning and management (e.g.
only 14% of MOH data were available in Zambia at base-
line [21]; in other PHIT projects, data availability was
higher (Mozambique 84% [20], Rwanda, 88%) [22]. How-
ever, initial data concordance was low in all countries
[20–22]. As project implementation progressed and data
quality improved, the perceived relative advantage of im-
provement strategies was recognized by health workers,
MOH managers, Non-governmental organizations and
donors, reinforcing and facilitating efforts. In Zambia,
introduction of community DQA linked to facilities cre-
ated bi-directional feedback mechanisms between facilities
and communities, resulting in better mortality tracking,
improved referral rates and community outreach.
“Today we cannot send a report before we analyze it
and double check its completeness and accuracy…the
staff is paying much (more) attention on the data than
they used to.” (MOH, Rwanda)
“There is a general feeling that Sofala province (project
area) data were bad but have improved. Sofala is seen
as managing routine data better than other provinces
nationally.” (Project lead, Mozambique)
“…and it is a capacity building exercise on how to look
at dashboards, on how to identify hot spots and all of
those capacity building efforts we think go a long way
towards those in leadership and management to
actually use data on a regular basis to make decisions
on their own programming and work planning.”
(Project staff, Rwanda)
Adaptability Stakeholders reported that adapting im-
provement activities to the local context facilitated
implementation. Iterative refinements were made based
on MOH and community partner feedback, and best
practices shared across PHIT projects at annual meet-
ings, which increased data quality and its use for
decision-making. Timing of feedback varied depending
on the regularity of the data improvement activity. Facil-
ities with electronic medical records (EMRs) were able
to provide monthly and quarterly results to MOH; thus
inconsistencies could be immediately addressed. In
Mozambique, DQA activities were carried out annually,
so refinements were carried out with less frequency.
In Rwanda, adaptations included increasing staff and
resources for data system improvements, initiating meet-
ings to discuss data with MOH partners, and expansion
to include community HMIS. In Zambia, to improve
continuity and effectiveness, supportive supervision
evolved from a model led by the project QI team to a
joint supervision model (conducted together with dis-
trict MOH supervisors).
The presentation of DQA results in Mozambique was
simplified to include an easy-to-read, color-coded (green/
yellow/red) ranking of facilities by data quality over time,
which were widely distributed to facilities and districts. To
facilitate programmatic decision-making, trainings were
expanded from statisticians to include general, disease-
specific, and service-area managers. Periodic refresher
trainings were added to address staff turnover.
Complexity Perceived difficulty in implementing data
quality improvements eased over time after adaptations
were made or after repetition, with few exceptions that
were discontinued. In Mozambique, frontline staff train-
ing was streamlined to include simple paper and Excel©-
based graphing, and measures to encourage skills appli-
cation were added to supervision checklists (e.g. % facil-
ities with graphs in view). Five-day DPREMs were
initially challenging, but as individuals participated in
multiple cycles, their perceived complexity decreased.
Conversely, data dashboards were viewed as time and
labor intensive by MOH and project staff, and were
discontinued.
In Zambia, key informants reported that the EMR fa-
cilitated tracking and reviewing patient records by clini-
cians at study facilities. Likewise, engaging facility staff
in on-site reviews enabled prompt decision-making in
areas requiring improvement. Although CHWs were
able to conduct the majority of household surveys (80%),
mobile data collection was difficult due to frequent ser-
vice disruptions and no back-up data system, and was
not adopted by the MOH.
Challenges with EMR complexity in Rwanda were
countered by recruiting a technical expert who worked
with project and MOH staff to transfer skills. Automated
quality checks were integrated into the EMR, and
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additional resources invested to augment clinician EMR
training.
“We provided more training for clinicians about EMR.
Clinicians were trained on using EMR, so that they
can enter the program and run the report any time
they feel they need it.” (Project staff, Rwanda)
Cost PHIT project teams noted substantial costs with
data quality improvement activities. Staff in Mozambique
noted the high DQA and DPREM cost, and though work
was planned and managed by the MOH, funding came
through external sources. Although frequency and inten-
sity of exercises should decrease over time as data quality
improves, resources will still be required to maintain these
activities. Some districts have begun to identify their own
funding sources to maintain activities, and new donors
have expressed interest in continuing support. In Rwanda,
to continue DQAs, support for hiring data coordinators
was included within block grant financial support from
the PHIT project (managed through the state).
In Zambia, financial costs were important for sustain-
ability. Mobile phone data uploaded to the EMR by
CHWs was human resource intensive and financially un-
sustainable, while the (low-cost) use of clinical decision-
making forms will be independently continued by the
MOH. Additive human resource support for EMR cap-
acity building within the MOH was provided by the
Rwandan PHIT project but not by the Zambia project,
which ultimately limited its ability to systematically dis-
seminate findings.
Implementation process
Planning Data quality improvements in Mozambique
were jointly designed with MOH stakeholders. The dis-
trict focus also aligned with ongoing decentralization
processes that increase responsibilities for district man-
agers in activity monitoring and resource allocation.
DQA piloting to assess feasibility and effectiveness in
Mozambique and Rwanda supported their subsequent
broader use [22, 23].
In Zambia, MOH engagement in planning and imple-
menting electronic medical records, clinical protocols,
and clinical forms for the community, facility and district
levels, facilitated their incorporation into routine HMIS. A
baseline capacity assessment prior to community DQA
implementation [24] was essential in establishing feasibil-
ity, and supported mobile-phone based data collection
[25]. Zambia reported that the joint engagement of district
and facility health staff in all aspects of data quality work
increased ownership and commitment to improving
performance, through the development of networks
which helped diffuse best practices and performance
improvements.
Engaging In Mozambique, sub-national supervisors
championed data quality improvement through DPREM
leadership, which iteratively facilitated ownership and
skills development. Likewise, when Rwandan MOH
managers participated in HMIS-linked planning meet-
ings to allocate resources, the perceived value of data
quality improvement activities increased.
In Zambia, involvement of stakeholders in improving
data quality increased over the project, but challenges
with health worker motivation persisted, possibly attenu-
ating data improvement effects [26]. Integration of men-
toring and supervision tools into monthly district health
supervision and data quality audits proved feasible, but
joint LQAS proved unsuccessful.
Executing In Mozambique, DQA implementation and
dissemination was conducted as planned, and encour-
aged healthy data quality competition across facilities.
Linking DQA results with targeted supervision was im-
plemented across all three PHIT projects, which helped
ensure data were used for service improvements.
In Rwanda, data assessments and mentored identifica-
tion of data quality gaps helped integrate data quality ac-
tivities into routine health worker practice, and further
helped articulate clearer feedback loops between health
workers and managers. In all countries, facility-level im-
plementation increased with greater ownership by facil-
ity leadership and data managers. Finally, the use of data
for results-based health center financing and district col-
laboratives increased the value of work to ensure data
quality [27, 28].
Reflecting and evaluating In Zambia, engagement be-
tween study QI teams and district management staff was
reinforced in the first year of implementation through
facility-level meetings to clarify roles/responsibilities of
district and facility staff. Reinforcement of technical cap-
acity, management coordination and communication
was critical in all PHIT projects to facilitate integration
of study activities into routine practice.
Rwanda’s reflection and evaluation period focused on
team-building. Clinicians and EMR data officers, hired
through support of the PHIT project, were brought to-
gether to jointly analyze data and address inconsisten-
cies, and review findings during dissemination which
was essential for skill development and sustained en-
gagement. District-level data sharing meetings reinforced
initial engagement and solidified buy-in.
“Before…the staff were not curious to explore the data.
The staff did not give much value to data, but today,
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everyone is concerned, and we work in collaboration to
improve the data quality.” (Rwanda Project Staff )
Data quality improvement in Mozambique included
multiple feedback loops to facility, district, and provin-
cial managers, including dissemination of annual DQA
results, participation in DPREMs, and supportive super-
vision visits. DPREMs proved particularly effective, as
they provided space for provincial, district and facility
staff to present and review secular trends in outputs and
coverage estimates across a range of indicators, and
jointly develop collaborative action plans to address per-
formance gaps.
Core and adaptable components of the data quality
improvement approach
Across the three PHIT projects, routine DQA and en-
gagement through mentoring/supportive supervision
were identified as core intervention components. How-
ever, as projects were introduced in different contexts
with unique data quality challenges and priorities, imple-
mented activities were classified along a continuum from
core, (or essential to improving data quality) to peripheral,
or (non-essential to improving data quality), reflecting the
degree of applicability across the three settings (see Fig. 1).
Intervention activities targeted different health system
levels, and in some settings, the community-level (Table 2).
Activities that both assessed and improved data quality
(including DQAs, mentorship/supportive supervision
targeting data quality improvement, and establishment
and/or strengthening of EMR system quality), received
higher ranking scores from respondents (see Fig. 2).
Across PHIT projects, these activities were also identi-
fied as effectively engaging MOH partners to varying de-
grees in the design, data collection and analysis.
Given that insufficient levels and training of health
personnel are a fundamental health system constraint
across the PHIT project countries, the focus on mentor-
ship and supportive supervision to improve data quality
is appropriate. Data dashboards, designed to give a
“snapshot” of health service data to district managers to
inform decision-making, were introduced in each pro-
ject, but only continued in one, Rwanda, with substantial
external technical support and financial resources.
Two projects implemented each of the following activ-
ities – meetings to review data quality and use for iden-
tifying service gaps and targeting solutions; training for
institutional and CHWs in data management, planning,
and M&E; and LQAS to determine concordance of ser-
vice output measures from community to facility levels.
Respondents reported activities directly linked to other
data quality activities were seen as more central to the
broader health information system strategy and the over-
all PHIT project strategy, while those whose evidence
strength and fit with ongoing data quality improvement
activities were not effectively conveyed to MOH stake-
holders, were not as helpful. Thus, the engagement of
supportive supervision and mentorship targeting data
quality, which was informed by DQA results and subse-
quently discussed in data review meetings, were viewed
more favorably than LQAS and data dashboards which
were carried out independent of other data quality activ-
ities and were seen as externally pushed by PHIT
projects.
Discussion
The experience of three diverse PHIT projects contrib-
utes to existing evidence that district, health facility and
community-based data quality improvement activities
are an essential element of health system strengthening,
helping to ensure that reliable data is available for
Fig. 1 Core activities ranked by importance across sites
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prompt decision-making [6, 23, 29, 30]. These strategies
must reflect the heterogeneity of country contexts, in-
cluding adaptable approaches for HMIS strengthening.
Through the lens of the CFIR, commonalities in effect-
ive data quality strengthening were identified despite the
diversity of intervention models and settings. HMIS
quality must be routinely reviewed, including cross-
checks between facility/district/provincial levels. This
process is strengthened when roles and responsibilities
across stakeholders are clarified. Articulated feedback
loops between collection, management and policy help
ensure results are shared in a timely manner with stake-
holders responsible for program development and ser-
vice delivery. EMRs produced timely, high quality data
which supported data-driven decision making and im-
provements in clinical care, as data accessibility facili-
tated routine validation. Expanding HMIS quality audits
to monitor community-level health provision, when inte-
grated into existing management systems, strengthened
communication and collaboration between communities
and facilities.
Engaging managers from facility, district, and provin-
cial levels in data quality improvement design and adap-
tation, and subsequent data collection and analysis
efforts, was fundamental to their sustainability, which is
consistent with previous findings [10, 30, 31]. Stake-
holder inclusion from multiple health system levels en-
courages cross collaboration and bolsters data-driven
decision-making. For example, in Zambia, reinforcing
district managers’ engagement led to the PHIT project’s
design being integrated into the HMIS.
Our review found that linking data quality improve-
ment approaches to one another reinforces them within
a broader data systems strengthening framework. In
Mozambique, DQA result dissemination was integrated
into management strengthening and included targeting
facilities for training and supervision. This integration
unified multiple health system levels together to review
facility level performance, building skills for facility-level
managers in data management and interpretation, which
reinforced participation of facility and district managers
in subsequent DQAs.
Conclusion
Complete, reliable and timely information is central to
effective decision-making – which links across all health
system building blocks (improved leadership/govern-
ance, healthcare financing, health workforce, medical
products/technologies, information and research, service
delivery). HMISs ideally serve multiple users across all
levels of a health system with reliable information on
which to base decisions – including problem identifica-
tion, resource allocation, and program and policy devel-
opment [32]. This article applies the CFIR to describe
and frame discussion of the heterogeneous experiences
implementing data quality improvement strategies
across three sub-Saharan African countries involved in a
health systems strengthening initiative, providing useful
guidance to others improving health information sys-
tems in resource-constrained environments. Our find-
ings suggest that, at a minimum, successful data quality
improvement efforts should include routine audits
linked to ongoing, on-the-job mentoring at the point of
service. This pairing of interventions engages health
workers in data collection, cleaning, analysis of real-
world data, and thus provides important skills building
with on-site mentoring. The effect of these core compo-
nents is strengthened by performance review meetings
that unify multiple health system levels (provincial, dis-
trict, facility, and community) to assess data quality,
Fig. 2 Categorization of data quality activities
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highlight areas of weakness, and plan improvements.
Other studies have demonstrated that with adequate fi-
nancial and human resources, implementation of EMR
systems can accelerate and systematize data feedback
loops to core stakeholders, such as is the case in Rwanda
[33]. In the three PHIT projects involved in this study,
intervention components that aligned with user prior-
ities and government systems were perceived to be rela-
tively advantageous, and more readily adapted and
adopted, which will facilitate efforts to sustain and
spread data quality improvements.
Abbreviations
AHI: African Health Initiative; CFIR: Consolidated Framework for
Implementation Research; CHWs: Community Health Workers; DDCF: Doris
Duke Charitable Foundation; DPREM: District Performance Review and
Enhancement Meeting; DQA: Data Quality Audit; EMR: Electronic Medical
Records; HMIS: Health Management Information System; LMICs: Low- and
Middle Income Countries; LQAS: Lot Quality Assurance Sampling;
M&E: Monitoring and Evaluation; MOH: Ministry of Health; PHIT: Population
Health Implementation and Training partnerships; QI: Quality Improvement
Acknowledgements
This work was supported by the African Health Initiative of the Doris Duke
Charitable Foundation. Kenneth Sherr was supported by a grant from the
Fogarty International Center at the US National Institutes of Health [grant
number K02TW009207]. We would also like to thank the members of the AHI
PHIT Partnership Collaborative for their contributions to this manuscript.
Members include: Ahmed Hingora, Dominic Mboya, Amon Exavery, Kassimu
Tani, Fatuma Manzi, Senga Pemba, James Phillips, Almamy Malick Kante, Kate
Ramsey, Colin Baynes, John Koku Awoonor-Williams, Ayaga Bawah, Belinda
Afriyie Nimako, Nicholas Kanlisi, Elizabeth F. Jackson, Mallory C. Sheff, Pearl
Kyei, Patrick O. Asuming, Adriana Biney, Roma Chilengi, Helen Ayles, Moses
Mwanza, Cindy Chirwa, Jeffrey Stringer, Mary Mulenga, Dennis Musatwe,
Masoso Chisala, Michael Lemba, Wilbroad Mutale, Peter Drobac, Felix
Cyamatare Rwabukwisi, Lisa R. Hirschhorn, Agnes Binagwaho, Neil Gupta,
Fulgence Nkikabahizi, Anatole Manzi, Jeanine Condo, Didi Bertrand Farmer,
Bethany Hedt-Gauthier, Kenneth Sherr, Fatima Cuembelo, Catherine Michel,
Sarah Gimbel, Bradley Wagenaar, Catherine Henley, Marina Kariaganis, João
Luis Manuel, Manuel Napua, and Alusio Pio.
Funding
The publication cost of this article was funded by the African Health Initiative
of the Doris Duke Charitable Foundation.
Availability of data and materials
All data generated or analyzed during this study are included in this
published article.
About this supplement
This article has been published as part of BMC Health Services Research
Volume 17 Supplement 3, 2017: Implementation science as an essential
driver for sustainable health systems strengthening interventions: Lessons
learned across the five-country African Health Initiative. The full contents of
the supplement are available online at https://bmchealthservres.biomedcen-
tral.com/articles/supplements/volume-17-supplement-3.
Authors’ contributions
All authors have read and approved the final manuscript.
Authors’ information
Sarah Gimbel, PhD, MPH, RN; Moses Mwanza, BA; Marie Paul Nisingizwe, MSc;
Cathy Michel, MPH; Lisa Hirschhorn, MD, MPH.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1School of Nursing, University of Washington, Magnuson Health Sciences
Building, Box 357262, Seattle, WA 98195-7262, USA. 2Department of Global
Health, University of Washington, Seattle, WA, USA. 3Health Alliance
International, Seattle, WA, USA. 4Centre of Infectious Diseases in Zambia,
Lusaka, Zambia. 5Partners in Health-Inshuti Mu Buzima, Kigali, Rwanda.
6Health Alliance International, Beira, Mozambique. 7Division of Global Health
Equity, Brigham and Women’s Hospital, Boston, MA, USA. 8University of
Global Health Equity, Kigali, Rwanda. 9Feinberg School of Medicine,
Northwestern University, Chicago, IL, USA.
Published: 21 December 2017
References
1. Abouzahr C, Boerma T. Health information systems: the foundations of
public health. Bull World Health Organ. 2005;83:578–83.
2. Handley K, Boerma T, Victora C, Evans TG. An inflection point for country
health data. Lancet Glob Health. 2015;3(8):e437-e8. doi.10.1016/S2214-
109X(15)00067-4.
3. Sherr K, Cuembelo F, Michel C, Gimbel S, Micek M, Kariaganis M, Pio A,
Manuel JL, Pfeiffer J, Gloyd S. Strengthening integrated primary health care
in Sofala, Mozambique. BMC Health Serv Res. 2013;13(Suppl 2):S4.
4. Micek MA, Gimbel-Sherr K, Baptista AJ, Matediana E, Montoya P, Pfeiffer J,
Melo A, Gimbel-Sherr S, Johnson W, Gloyd S. Loss to follow-up of adults in
public HIV care systems in central Mozambique: identifying obstacles to
treatment. J Acquir Immune Defic Syndr. 2009;52:397–405.
5. Mavimbe JC, Braa J, Bjune G. Assessing immunization data quality from
routine reports in Mozambique. BMC Public Health. 2005;5:108.
6. Mphatswe W, Mate KS, Bennett B, Ngidi H, Reddy J, Barker PM, Rollins N.
Improving public health information: a data quality intervention in
KwaZulu-Natal, South Africa. Bull World Health Organ. 2012;90:176–82.
7. Wagenaar BH, Sherr K, Fernandes Q, Wagenaar AC. Using routine health
information systems for well-designed health evaluations in low- and
middle-income countries. Health Policy Plan. 2015;
8. World Health Organization Maximizing Positive Synergies Collaborative
Group, Samb B, Evans T, Dybul M, Atun R, Moatti JP, Nishtar S, Wright A,
Celletti F, Hsu J, Kim JY, Brugha R, Russell A, Etienne C. An assessment of
interactions between global health initiatives and country health systems.
Lancet. 2009;373:2137–69.
9. Aqil A, Lippeveld T, Hozumi D. PRISM framework: a paradigm shift for
designing, strengthening and evaluating routine health information
systems. Health Policy Plan. 2009;24:217–28.
10. Braa J, Heywood A, Sahay S. Improving quality and use of data through
data-use workshops: Zanzibar, United Republic of Tanzania. Bull World
Health Organ. 2012;90:379–84.
11. The Global Fund To Fight Aids Tuberculosis And Malaria. 2008. The Data
Quality Audit Tool [online] . Available: www.who.int/tb/advisory_bodies/
impact_measurement_taskforce/meetings/tf_17march10_pres_1_3_
puvimanasinghe.pdf?ua=1. Accessed 29 Oct 2015.
12. Glassman A, Savedoff W. The Health Systems Funding Platform: Resolving
Tensions between Aid and Development Effectiveness Agendas (July 12,
2011). Center for Global Development Working Paper No. 258. Available at
SSRN: https://ssrn.com/abstract=1888411.
13. Wagenaar B, et al. Data-driven quality improvement in low-and middle-
income country health systems: lessons from seven years of
implementation experience across Mozambique, Rwanda, and Zambia. BMC
Health Serv Res. 2017;17(Suppl 3):S7.
14. Mutale W, Chintu N, Amoroso C, Awoonor-Williams K, Phillips J, Baynes C,
Michel C, Taylor A, Sherr K. Improving health information systems for
decision making across five sub-Saharan African countries: implementation
Gimbel et al. BMC Health Services Research 2017, 17(Suppl 3):828 Page 62 of 94
strategies from the African health initiative. BMC Health Serv Res. 2013;
13(Suppl 2):S9.
15. Drobac PC, Basinga P, Condo J, Farmer PE, Finnegan KE, Hamon JK,
Amoroso C, Hirschhorn LR, Kakoma JB, Lu C, Murangwa Y, Murray M, Ngabo
F, Rich M, Thomson D, Binagwaho A. Comprehensive and integrated district
health systems strengthening: the Rwanda population health
implementation and training (PHIT) partnership. BMC Health Serv Res. 2013;
13(Suppl 2):S5.
16. Stringer JS, Chisembele-Taylor A, Chibwesha CJ, Chi HF, Ayles H, Manda H,
Mazimba W, Schuttner L, Sindano N, Williams FB, Chintu N, Chilengi R.
Protocol-driven primary care and community linkages to improve
population health in rural Zambia: the better health outcomes through
mentoring and assessment (BHOMA) project. BMC Health Serv Res. 2013;
13(Suppl 2):S7.
17. Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery JC.
Fostering implementation of health services research findings into practice:
a consolidated framework for advancing implementation science.
Implement Sci. 2009;4:50.
18. Hsu C, Sandford B. The Delphi Technique: Making Sense of Consensus. Pract
Assessment ResEval. 2007;12(10).
19. Mutale, W., Ayles, H., Bond, V., Chintu, N., Chilengi, R., Mwanamwenge, M. T.,
Taylor, A., Spicer, N. & Balabanova, D. 2015. Application of systems thinking:
12-month postintervention evaluation of a complex health system
intervention in Zambia: the case of the BHOMA. J Eval Clin Pract.
20. Health Alliance International. Improving Country Health Information
Systems: a Data Quality Audit Model for Primary Healthcare in Mozambique,
2009-2013. Report. 2016.
21. Zambian Ministry of Health. Program data. In: Health Management and
Information System Database. Lusaka, Zambia; 2009.
22. Nisingizwe MP, Iyer HS, Gashayija M, Hirschhorn LR, Amoroso C, Wilson R,
Rubyutsa E, Gaju E, Basinga P, Muhire A, Binagwaho A, Hedt-Gauthier B.
Toward utilization of data for program management and evaluation: quality
assessment of five years of health management information system data in
Rwanda. Glob Health Action. 2014;7:25829.
23. Gimbel S, Micek M, Lambdin B, Lara J, Karagianis M, Cuembelo F, Gloyd SS,
Pfeiffer J, Sherr K. An assessment of routine primary care health information
system data quality in Sofala Province, Mozambique. Popul Health Metr.
2011;9:12.
24. Mutale W, Bond V, Mwanamwenge MT, Mlewa S, Balabanova D, Spicer N,
Ayles H. Systems thinking in practice: the current status of the six WHO
building blocks for health system strengthening in three BHOMA
intervention districts of Zambia: a baseline qualitative study. BMC Health
Serv Res. 2013;13:291.
25. Schuttner, L., Sindano, N., Theis, M., Zue, C, Joseph, J., Chilengi, R. 2013. A
mobile-phone based, community health worker program for referral, follow-
up and service outreach in rural Zambia: pilot outcomes and overview. .
Telemedicine and e-Health.
26. Mutale W, Stringer J, Chintu N, Chilengi R, Mwanamwenge MT, Kasese N,
Balabanova D, Spicer N, Lewis J, Ayles H. Application of balanced scorecard
in the evaluation of a complex health system intervention: 12 months post
intervention findings from the BHOMA intervention: a cluster randomised
trial in Zambia. PLoS One. 2014;9:e93977.
27. Ingabire W, Reine PM, Hedt-Gauthier BL, Hirschhorn LR, Kirk CM, Nahimana
E, Nepomscene Uwiringiyemungu J, Ndayisaba A, Manzi A. Roadmap to an
effective quality improvement and patient safety program implementation
in a rural hospital setting. Healthc (Amst). 2015;3:277–82.
28. Nahimana E, McBain R, Manzi A, Iyer H, Uwingabiye A, Gupta N, Muzungu
G, Drobac P, Hirschhorn LR . Race to the Top: evaluation of a novel
performance-based financing initiative to promote healthcare delivery in
rural Rwanda. Glob Health Action. 2016;9(1):32943. doi:10.3402/gha.v9.32943.
29. Sherr K, Gimbel S, Rustagi A, Nduati R, Cuembelo F, Farquhar C, Wasserheit
J, Gloyd S, With Input From The SST. Systems analysis and improvement to
optimize pMTCT (SAIA): a cluster randomized trial. Implement Sci. 2014;9:55.
30. Wagenaar BH, Gimbel S, Hoek R, Pfeiffer J, Michel C, Manuel JL, Cuembelo F,
Quembo T, Afonso P, Porthe V, Gloyd S, Sherr K. Effects of a health information
system data quality intervention on concordance in Mozambique: time-series
analyses from 2009-2012. Popul Health Metr. 2015;13:9.
31. Nutley T, Gnassou L, Traore M, Bosso AE, Mullen S. Moving data off the shelf
and into action: an intervention to improve data-informed decision making
in cote d'Ivoire. Glob Health Action. 2014;7:25035.
32. Network HM. Framework and standards for country health information
systems. Geneva, Switzerland: World Health Organization; 2008.
33. Ratwani R, Fairbanks T, Savage E, Adams K, Wittie M, Boone E, Hayden A,
Barnes J, Hettinger Z, Gettinger A. Mind the gap. A systematic review to
identify usability and safety challenges and practices during electronic
health record implementation. Appl Clin Inform. 2016;7:1069–87.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Gimbel et al. BMC Health Services Research 2017, 17(Suppl 3):828 Page 63 of 94
